Background: Vertebral Fractures (VFs) are associated with bone loss that occurs before menopause but is accelerated at menopause as a result of sex hormone deficiency. To determine the association of sex hormones, bone remodeling markers and vitamin D levels with bone mineral density (BMD) and asymptomatic VFs prevalence using vertebral fracture assessment (VFA) in a cohort of Moroccan menopausal women. Methods: This was a cross-sectional study conducted from October 2012 to April 2013 with menopausal women aged 50 years old and over. A total of 207 women who had no previous diagnosis of osteoporosis were enrolled in this cross-sectional study. Women were recruited prospectively from our laboratory department. VFA images and scans of the lumbar spine and proximal femur were obtained using a GE Healthcare Lunar Prodigy densitometer. VFs were defined using a combination of Genant semiquantitative approach and morphometry. Serum levels of estradiol, dehydroepiandrosterone sulfate, Sex hormone binding globulin, vitamin D, Osteocalcin, Crosslaps, intact parathormone were measured by Electrochemiluminescent immunoassay technique. Results: Among the 207 women, 18.3 % (n = 38) had densitometric osteoporosis. On VFA, VFs were detected in 134 (62.3 %), including 96 (44.6 %) grade 1 and 38 (17.6 %) grade 2/3. There was no difference in the plasma levels of sex steroids, bone remodeling markers and vitamin D in the group of women with VFs (grade 1 and grade 2/3) and without VFs. The combination of variables that best predicted grade 2/3 VFs included the number of years since menopause and the lumbar spine T-score. Conclusion: These data confirm the importance of postmenopausal estrogen and SHBG concentrations in the bone loss and the pathogenesis of osteoporosis in elderly women, but not in the occurrence of the VFs.
Background
Vertebral fracture (VF) is a serious consequence of osteoporosis that is often under-diagnosed due to the variable clinical presentation and the lack of a gold standard for its definition [1, 2] . Thus, 75 % of VFs are not diagnosed clinically due to the absence of specific symptoms in some cases and the difficulty in determining the cause of these physical symptoms [3] . It has been shown that both symptomatic and asymptomatic VFs are predictors of future osteoporotic fractures [4] , and are associated with physical deformity, as well as reduced mobility, quality of life [5, 6] , and increased mortality [7, 8] . Also, VFs are associated with bone loss that occurs before menopause but is accelerated at menopause and is the result of sex hormone deficiency [9] [10] [11] . Among postmenopausal and elderly women, low estradiol (E2), low testosterone (T), and high sex hormone binding globulin (SHBG) concentrations are associated with a higher risk of hip and non VFs [12, 13] . Dehydroepiandrosterone (DHEA) and its sulfate (DHEAS) are the most abundant circulating steroids. In postmenopausal women during a 15-year follow-up, data suggest that high serum DHEAS at baseline is associated with less bone loss at both femoral neck and lumbar spine and this association diminishes over time [14] .
Several studies have shown that sex steroid deficiency is associated with bone loss (REF) . However, there is limited data assessing the association between sex hormones and VFs. Thus, the objective of this study was to determine the association of sex hormones, bone remodeling markers and vitamin D levels with bone mineral density (BMD) and prevalence of asymptomatic VFs using vertebral fracture assessment (VFA) in a cohort of Moroccan menopausal women.
Methods

Subjects
This was a cross-sectional study conducted from October 2012 to April 2013 with menopausal women 50 years old and over. A total of 207 women aged 50 years and over, who had no previous diagnosis of osteoporosis were recruited prospectively from our laboratory department. General exclusion criteria were non-caucasian origin and diseases, drugs, and other major determinants known to affect bone metabolism. Thus, we excluded subjects with gastrectomy, intestinal resection, recent hyperthyroidism or hyperparathyroidism, recent severe immobilization or treatment with corticosteroids (more than 3 months). Our institutional review board approved this study. The procedures of the study were in accordance with the Declaration of Helsinki, and formal ethics committee approval was obtained for the study (Military Hospital Ethics Committee). All the participants gave an informed and written consent. Each subject completed a standardized questionnaire designed to document putative risk factors of osteoporosis. History of fractures, lifestyle (alcohol consumption, gymnastics or jogging/walking, smoking) and diet (milk, yogurt, cheese) habits were also recorded. The women were asked whether they usually drank milk, coffee, or alcohol, if they ate cheese or yogurt, if they did gymnastics or jogging/walking, and if they smoked tobacco. Menstrual and reproductive histories were assessed: all patients were menopausal since at least 1 year. Height and weight were measured in the rheumatology department before DXA measurement, in light indoor clothes without shoes. Body mass index (BMI) was calculated by dividing weight in kilograms by height in meters squared.
BMD measurement
Bone mineral density was determined by a Lunar Prodigy Vision DXA system (Lunar Corp., Madison, WI). The DXA scans were obtained by standard procedures supplied by the manufacturer for scanning and analysis. All BMD measurements were carried out by two experienced technicians. Daily quality control was carried out by measurement of a Lunar phantom. At the time of the study, phantom measurements showed stable results. The phantom precision expressed as the coefficient of variation percentage was 0.08. Patient BMD was measured at the lumbar spine (anteroposterior projection at L1-L4) and at the femoral neck. The World Health Organization (WHO) classification system was applied, defining osteoporosis as T-score ≤ −2.5, osteopenia as −2.5 < T-score < −1. Study participants were categorized by the lowest T-score of the L1-4 lumbar spine or femoral neck using our reference values [19] . VFA was classified using the Genant semi quantitative (SQ) approach in the following manner: each VFA image was inspected visually by one expert clinician (AM) to decide whether it contained a fracture in any of the visualized vertebrae and assigned a grade based on the Genant SQ scale [5] , where grade 1 (mild) fracture is a reduction in vertebral height of 20-25 %, grade 2 (moderate) a reduction of 26-40 %, and grade 3 (severe) a reduction of over 40 %.
Biological measurements
All subjects had fasting blood taken in the morning. Samples were left to clot at room temperature for 30 min and then centrifuged. Aliquots of the serum supernatant were frozen and stored at-80°C and subsequently thawed and analyzed in one batch. Serum estradiol (E2) (reference range, 18.4-201 pmol/l), dehydroepiandrosterone sulfate (S-DHEA) (reference range, 0,33-4,18 μmol/l), Sex hormone binding globulin (SHBG) (reference range, 15-70 ng/ml), vitamin D (25(OH)D3) (reference range, 30-80 ng/ml), Osteocalcin (OC) (reference range, 13-48 μg/l), Crosslaps (β-CTX) (reference range, 0.010-0.854 ng/ml), intact parathormone (PTHi) (reference range, 15-65 pg/ml) were measured by electrochemiluminescent immunoassay (ECLIA) technique (Cobas e601, Roche Diagnostics GmBH, Mannheim, Germany). All the laboratory tests were subject to validation using National External Quality Assurance Schemes. The free estradiol index (FEI) was calculated from the ratio of serum E2 to SHBG.
Statistical analysis
Results are presented as means (SD) and categorical variables are expressed as frequencies. To compare patients with and without VFs analysis of variance ANOVA was used. Correlations between continuous variables were calculated using Pearson correlation coefficients. Potential risk factors were entered to a stepwise conditional binary regression analysis and the resulted odds ratios with 95 % confidence intervals were reported. The level for significance was taken as P ≤ 0.05. Excel 2007 and SPSS 15.0 were used for statistical analysis.
Results
In this cohort of 207 Caucasian women, the mean (SD) [Range] age was 59.8 (7.6) In these 207 women, 88.4 % of vertebrae from T4-L4 and 99.0 % from T8-L4 were adequately visualized on VFA. The percentage of vertebrae not visualized at T4, T5, T6 levels was 42.1 %, 26.9 %, 13.0 % respectively. VFs grades 2/3 were detected in 38 (17.6 %) of these women, while grade 1 were identified in 96 (44.6 %) (Fig. 1) .
Comparison between patients without VFs and with grade 1 and grades 2/3 VFs are presented in table 1. Women with grade 2/3 VFs were older and had longer menopause duration. There was no difference in the plasma levels of sex steroids, bone remodeling markers and vitamin D between the three groups.
Correlations of BMD with the clinical and biological parameters
Pearson correlation analysis showed significant negative correlations between the lumbar spine BMD and the following variables: age, number of parity, years since menopause, OC, β-CTX, SHBG and FEI. There was positive correlation between lumbar spine BMD and BMI.
The total hip BMD correlated negatively with the following variables: age, number of parity, years since menopause, OC, β-CTX, SHBG, E2, FEI and S-DHEA. The total hip BMD correlated positively with BMI and S-DHEA ( Table 2) .
Correlations of the sex hormones and the SHBG with the clinical parameters
There were positive correlations between the E2 levels and BMI and S-DHEA. There was a negative correlation between E2 and OC. The FEI correlated positively with BMI and S-DHEA, and negatively with β-CTX and OC ( Table 2 ).
There were significant negative correlations between S-DHEA and the following parameters: age, years since menopause, SHBG, and OC. There were significant positive correlations between S-DHEA and E2 and FEI.
There were significant negative correlations between SHBG and BMI, and S-DHEA.
There were significant positive correlations between SHBG and the following parameters: age, β-CTX, 25(OH) D3, years since menopause, and PTHi (Table 2) .
Comparison between patients according to quartiles of E2, FEI and SHBG
Comparison of patients according to quartiles of E2 levels showed that women in the highest quartile had a higher BMI and a higher level of S-DHEA.
Comparison of patients according to quartiles of FEI levels showed that women in the highest quartile had a higher BMI and BMD at the lumbar spine and total hip. They had also the lower prevalence of osteoporosis and β-CTX and OC levels. T4  T5  T6  T7  T8  T9  T10 T11 T12  L1  L2  L3  L4   Grade 2/3 0  0  0  0  8  8  2  9  1 0  5  3  3  7   Grade 1  0  0  0  6  17  19  19  33  36  29  45  52  58 Grade 0 Comparison of patients according to quartiles of SHBG levels showed that women in the highest quartiles were older with high prevalence of osteoporosis, and high PTHi, β-CTX levels. They also had a lower lumbar and total hip BMD (Table 3) .
Multiple logistic regression
Significant variables in the univariate analysis were entred in a stepwise logistic regression analysis for the presence of grade 2/3 VFs (grade 1 VFs were excluded from this analysis) to determine the combination of (Table 4 ).
Discussion
Our study showed that women with grade 2/3 VFs were older and had higher number of years since menopause. The best model that predicts grade 2/3 VFs comprised the number of years since menopause and the lumbar spine T-score. There was no difference in the plasma levels of sex steroids, bone remodeling markers and vitamin D. VFs were indentified using VFA in 134 (62.3 %), including 96 (44.6 %) grade 1 and 38 (17.67 %) grade 2/3. This prevalence of VFs in our population (grade 2/3) is similar to figures reported in western Caucasian population [15] . Prevalence rates varied between 19 % and 24 % in elderly women from the Middle East, Europe and North America [16] . In a Moroccan study VFs grade 2/3 was detected in 25.6 % of women (17.6 % of women in this study) [17] . The main difference between these two Moroccan cohorts was the mean age of participants. Indeed, in the cohort of El Maghraoui et al. the patients were older (mean age 65 years) and 43 % of women were osteoporotic [17] , whereas in this study, the patients were younger (mean age 59) with a higher BMI and only 18 % were osteoporotic.
Comparison of patients according to quartiles of E2 levels showed that women in the highest quartile had a higher BMI and a higher level of S-DHEA. Pearson correlation analysis showed that there were positive correlations between E2 and BMI and S-DHEA. There was a negative correlation between the E2 and OC. The positive correlation between E2 and BMI is explained by the relationship between estrogen levels and aromatisation of estrogen precursors in fat stores [18] . The positive association between E2 and S-DHEA, may be related to the fact that S-DHEA is an inactive adrenal precursor that is metabolized into active androgens and estrogens in peripheral tissues.
In contrast to the OFELY study, we did not find any association between E2 and VFs. This may be due to the lower mean age of women in our study compared to the OFELY study (67 years in women with fracture and 64 in control) [19] . Indeed, in the OFELY study, women with serum levels of E2 and DHEAS in the lowest quartile had an RR of fracture (20 vertebral and 35 peripheral fractures) of 2.2 (1.2-4.0) and 2.1 (1.2-3.8) respectively [19] . Findings from the Study of Osteopororic Fracture (SOF) suggest that women with estradiol levels > 10 pg/ ml averaged only 0.1 % (−0.7 %, 0.5 %) annual hip bone loss while women with levels below 5 pg/ml averaged 0.8 % (0.3, 1.2) hip bone loss per year [20] . In a large prospective cohort of 7598 healthy elderly ambulatory women (EPIDOS study), aged 75 years or more. women having serum E2 in the highest quartile (i.e., >10 pg/ml) were protected, with an HR of 0.66 (0.44-0.98) that did not remain significant after adjustment for weight (HR = 0.71 [0.47-1.06]) [21] . In our study we found a negative correlation between the SHBG and the BMD at the lumbar spine and the total hip. And women in the highest quartiles of SHBG were older with greater prevalence of osteoporosis and high PTH i and β-CTX levels. But we did not find any association between SHBG and the prevalence of VFs. In contrast, several studies have found that high SHBG levels were associated with the subsequent occurrence of VFs, even after adjustment for age and body weight, with odds ratios of about 1.55 [22] [23] [24] . Hoppe and al suggest that the SHBG level may be a marker for the severity of osteoporosis, because they found in a study of 184 osteoporotic women having a mean age of 76 years, that plasma SHBG levels were associated with the presence of one or more VFs and with the number of prevalent fractures [25] .
In the lowest quartile of the FEI, we have a significant increase in both OC and β-CTX in comparison to the highest quartile of SHBG in which only an increase in OC level was detected. Also, the decrease in BMD at the lumbar spine is more important at the lowest quartile of SHBG compared to the highest quartile of SHBG. These findings support that in addition to its action on bioavailability of sex hormones, there is a new pathway by which sex steroids may act on osteoblasts. The sex steroid/SHBG complex binds to the specific SHBG receptor (SHBG-R), thereby activating the intracellular signal transduction pathways [26] .
Devine et al. have proved that incident fracture was predicted by the FEI after adjustment for age, weight, use of topical estrogen, calcium supplementation and prevalent fracture. The risk of VF increased with decreased free estradiol index (HR per SD reduction: 1.63:95 % CI: 0.91-2.92) [27] . However, a later study indicated that the effect of free estradiol on fracture risk in women was attenuated when adjusted for testosterone and SHBG levels and no longer evident when further adjusted for body mass index [12] . Similarly, a study in a French population showed that the association of higher free estradiol with a lower risk of hip fracture was no longer significant after adjustment for weight [21] . In addition to estrogen several other factors have been implicated in bone strength, factors such as progesterone deficiency [28] , and polymorphisms of genes of the receptor activator of NFκB ligand signaling system [29] . Also, the ERα is the predominant subtype in postmenopausal bone specimens [30] , and there is evidence that mice with normal ERα, but non-functional ERβ, have normal BMD and trabecular structure [31] .
DHEA is an inactive adrenal precursor that is metabolized into active androgens and estrogens in peripheral tissues. We found significant negative correlations between S-DHEA and age, years since menopause, SHBG, and OC. Also, we found significant positive correlations between S-DHEA and E2 and FEI. However, we did not find any association between the level of S-DHEA and the prevalence of VFs. The positive association of S-DHEA to estradiol and free estradiol may be related to metabolization of S-DHEA into active androgens and estrogens in peripheral tissues. The negative associations of DHEA-S to estradiol and free estradiol can be explained by increasing age of patients. In fact, increasing age is associated to the decrease in DHEA-S and consequently the decrease in the levels of androgens and estrogens.
On On the association between VFs and vitamin D status the results of previous studies are contradictory. In our study, there was no difference in the plasma level of vitamin D in the group of women with and without VFs (grade 1 and grade 2/3). May be because of the mean age of the participants in these study was low, and for younger patients vitamin D status may play a less important role in fracture risk. Lopes et al. evaluating the incidence of VFs observed similar results [33] while, in contrast to our study, other authors observed significant association with vitamin D insufficiency [34, 35] .
Our study has strengths and limitations. All of the DXA and biochemical measurements were conducted with a single bone densitometer and a single biochemistry laboratory, with very careful quality controls in place. All the morphometric assessments were made by an experienced investigator. Before diagnosis of fracture, a nonosteoporotic origin was considered for each deformity. However, even history of trauma was inquired, we cannot exclude that some subjects did not report remote traumas.
The main limitations lie in the cross-sectional nature of the study and in the procedures used to select subjects, who were all volunteers and ambulatory.
Conclusion
In summary, we have shown that the best model that predicts grade 2/3 VFs comprised the number of years since menopause and the BMD of the lumbar spine. VFs are the consequence of the decrease of bone mass and bone strength with age and duration of menopause (decline in the concentration of estrogens), this findings support the view that aging is the pivotal determinant of bone mass and bone strength [36] . We did not find any association between sex hormones and the prevalence of VFs, likely because of the low mean age of the studied women (59.8 years). However, the decreased levels of FEI and the increased levels of SHBG were associated with increased bone turnover markers and low BMD. These data confirm the important role played by postmenopausal estrogen deficiency and SHBG concentrations in the pathogenesis of osteoporosis of elderly women. For VFs, we must take into account other factors involved in the quality of the bone strength. 
